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pacers rem producing moan**** 



abbreviated as "PTMG or a (hM . einil f t « «ittea 

as -ptmg type poiyether giyco 

hvdr of«ran ^ e f! £ter o f^^ Cher cyclic ethers 
polynia* a -J-»~ £ ^ c^ri.as using a novel 
eopolyinerisable therewith, ww.cn 
polymerisation catalyst. 

.tartieg «« Jt;^, „n»ets. E>rec * uxa „ 

fluids, etc. and their use 
in. recent years- 

.eld having great acla etreagta i0 ti«t««- 
I super acid.. ^s^c acia 
typical e*an*l*» of theft 3#3S8# 042 and Japanese 

33 ^closed ^^riLation *o. 32799/1977 and 
Patent ^^^.^aSSosed in U.S. Patent Mb. 
ftn^ sulfuric acxd as^scl ^ pertthl oric 

3,712,930, while^- °f ^ 1^ D .,oel£s, «. 

. a cid-acetic anhydride [see * Japanese p at *nt 

Morschel, Angew. Chem. , 72' 9 27 
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a cetic axifaydxide and Nafxcn* (fine _^ ^ ^ 
resin) -acetic anhydride as dxscx 

in Indus- 

4,163,liS> and these are practically 
trial applications. 

Vital defect eoe-n to the fj" 

wlth-so^ groopa or -000CH3 or ^ by addi- 

r e,cared to be tta W«? 

tioa of eater or "V « t , voice talis- "boat 

p^oee. is esployed ^^^^ wl l„ti». »»r 

^a., - ternrn^ iewliM SQ Mver . 00.- 

tne presence of acetic jr hoars tor the 

araop.. reajuxlng also »» acld =a talyst !s 

hydride is consoned and recycle or tn 
also rendered difrieult. 

' & «. case ot usin, e fl^-ulfo^oid 

readily with — 

acid is decomposed into nydroge ononnt of e*- 

acid to reeelt in eon*o»pti»» or a 9 of 

SLsrsM ^ - - ~ 

generated- 

s Miration ^--^rrti 

ac- ** • -~TJ^Z ^bfia lifted 
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aadea in the pct-treato-nt and utilization ox the 
catalyst by recycle i. very dif f icelt. 

„ -~ -;^'t^rrr~ 

° £ -rStLT reTaS^L, n» * recycle 
^ r^t ^"eetirea, «nile it ,.e need a dre~ to 

those skilled ^ art * - 

Ua der s«h a situation, the inventors of the 
_ a „ de investigations atoout a pro- 
pre-nt invents ^ made inve ^ ^ o£ aa aC ti- 

cesa capable of ^^^^ one step into M 
vator, etc. and also C0 ^^ g c ^ seguentXy found t»t 
having terminal OH groups, -^"T^ of a certa in 
such a purpose can he -cowshed byj*e ^ 
of catalyst and- completed the pre* 

" • a schematic flow chart of the con- 

Figure shows *J££* in 4, in which 

a— poly-risation^xce us ^ t«* 

L is a polymerisation tank. 2 is a p 
and 3 is a distillation tower. 

niSCtOSPRS 

TO. present invention provide, a prooees for 

prodncin, a ^--"^fr^r^o^an 

POlTet.«^l^ otbeI ^ ette re 
or a mixture of tetranywy „ainci a 

copolyeerl^l. to IS 

in the catalyst phase. 

' a bet^ropoly-acid exists with 20 to 
In general, Qne ml9eal * and 

40 molecules of water coordinated per 
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under this state, no polymerization activity could be 
recognized at all when, using such a heteropoly-acxd as a 
catalyst and contacted with THP or a mixture of THP wxth 
other cyclic ethers copolymer liable therewith at sub- 



atantially a weight ratio of ltl ol the 
the catalyst.^ ^ ^ ^^escribed heteropoly- 
acid is subjected to drying treatment to change its 
nOT her of water molecules coordinated in the -talys^ 
namely the molar ratio of the water coordinated to the 
heteropoly-acid, for examination of polymerization 
activity, it has unexpectedly be found that P-™~ 
fcion activity appeared when the molar ratxo of water 
listing in the catalyst phase to the heteropoly-aoid is 
reduced to not higher than IS and, moreover, that the 
bo^ of the terminal ends of the polymer obtained has 
n^L'-OH groups, resulting to provide direct^ 
Xn particular, a bi g her activity can b^ e*h*£rf » 

case of a molar ratio of water 
catalyst phase to the heteropoly-acid of 1 to 8, and 
caraj-ysii (mi .. a . 1 , ea is found to have a 

the resultant polymer synthesized is ra ™ 
number-average molecular weight of about 800 to 3500, 

a .harp molecular weight distribution, which is 
^SeraSTas t*e starting material for a polyurethane 
elastomer such as spandex. 

According to the knowledge commonly accepted 
in the art. the catalyst for HBP polymerization is 
required to have a strong acidity such as of a 
3^ acid, and presence of water in the reaction 

h^ been cohered to Activate the polymerisa- 
tion catalyst or become an obstacle in obtaining a 
tion catalyst o rea sou why the 

desired molecular weight. *hia is 
known catalysts as described above such - 
sulfonic acid, fnming sulfuric acid. etc. have been 
practically used. 
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. on the other ha**, it has been found by the 
* ¥h& Dtese nt invention that a heteropoly- 

r*ru rj^u— . - — — 16 

surprising s^cragh- 

j. the present invention, the . 
■ ^Mtalvet Phase is estimate* to exist in 

t^e s t3te -oxd^ated to coorfl nated or 

is a solid Phase, while in " ^ ^talyst 

^ated to the catai^t or f^f^. 
phase, when the catalyst is a liquid pna 



*. bailed mechanism remains, to be 



presence of 
ly to be polymerized 



tioa «t» i» *»<*»*• °* ™ thi ca t«l T 8t. 

the e»le »ater and/or separately Jxo. 

!a order to obtain a ha«xopolj~«^ «^ * 

toiI ed ea— o £ -™ d .T^™ ^ taaa 
heteropoly-aeid 1= " l * * w lr - 

th. deco^ositioa ^~^T 8f the eatalyst 
Slaca the tea^i^on t«.w catalyst. 

sightly dapea*^ on the «. of the 

the heating teaperatar. is de "™~!„, all , at a tea- 
catalyst, hat heatia, 1. ^ "C. «« 
prater, -ithlh the -«- £ 6 °„ a ^ heatia, «-P 



PAGE 32/55 ' RCVDAT 9/1412005 12:30:58 PM [Eastern Daylight Time] « SVR:USPTO-EFXRF-6/29 ■ DNIS:2738300 ' CSID:202 293 6229' DURATION (mm-ss):18-14 



SEP. 14. 2005 12:52PM CBL&H 202 293 6229- NO. 7755 P. 33 



-7- 0126471 

to about several »bar, 

Analysis of the water In the catalyst phase in 
the polymerization system can be conducted according to 
a conventional method. For example, it can he measured 
by means of a Karl-Fischer water content analyzer. On 
the other hand, the amount of the heteropoly-acid in the 
catalyst phase can be analysed by removing the co-exist- 
ing water and 1HF by heating. The molar ratio of both 
can be calculated as the molar ratio of water to 
heteropoly-acid in the catalyst phase. 

The water existing in the polymerization 
system will be consumed for hydroxylatioa at the terminal 
ends as polymerisation proceeds, whereby the water 
existing in the catalyst phase will be reduced. With 
the reduction in amount of water existing in the catalyst 
phase, the molecular weight of the resultant polymer 
becomes higher. Further, at a level of the molar rat.io . 
of water to the heteropoly-acid in the catalyat phase 
less than 0.1, hydroxy lation of the terminal ends will 
be lowered in efficiency. Accordingly, it is necessary 
to control the above-described ratio in the range of 
from 0.1 to 15 by addition of water into the system. 

Ii the above-described ratio exceeds IS, the 
polymerisation activity will be lost as referred above- 
The value of the above-described ratio suitable for 
polymerisation in respect of activity may «■*•»*- 
ing upon the types of the heteropoly-acids employed. 
Also, since the molecular weight of the polymers syn- 
thesized will effected by the value, in order to syn- 
thesize polymers with substantially uniform molecular 
weight, it is necessary to carry out the reaction, while 
controlling the amount of water ip a suitable one wh3-oh 
Is determined by the sort of the heteropoly-acid em- 
ployed and the desired molecular weight of the polymer 
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to be obtained- 



The catalyst to be used in the present 
^e crista as the lower ph~. of - U«> *nae« or - • 
solid phaae. UW the polymer has grown to a 
^.ooL weight end the term^al ends th^of b« been 
^MUM it »m he migrated to the » layer 
„Lrehy the pollination prodnct can. eaaily be Sep. . 
^ted fro* the oatalyat and the oatalyat 
^Sioh e*hil>it. substantially no decree.* in activity, 
can be recycled lor reuse. 

TO. heteropoly-Kid according to the present 
mention ***** comprehensively to the ory *»*J^ th 
by condensation or at l-st one o*»e of £ V -i 

™ .cia. of other element, such as P. si. is. ee. ' 
£ co, etc. the atomic ratio of the ,or~r to the latter 
w • « 9 s tn 12. preferably 12 or 9. Exemplary 
:^1^ Lie* can be ployed * f * _ 
mention include 12^1ybdopnospborio acid, S 
2-phosphcric acid, 12H:ungatopnosphoric acid, 1* wo£ 

tangs topaosphorio acia, o * n-n»lyhdo-l- 

^noivbdovanadophosplioric acid, 11 moiy^ 
acid, 12-moiybcov ^.^ivbdotungstovanadophosphoric 
vanadopocaphoric add. 12 J l2 ^ fflolybdoniQ bo- 

aci d, 12-tungstovanadophcsphcric acid, U 

phosphoric acid, l**-*^^^^ l^iybdo- 
silicic acid, i2-»olybdc«»gs«aillcic acid, 12 y 
^s^vanadcailidc acid, 12-^gs.oborxc acid 12 
Ml y b doboric acid, 12-^lybdotungstoboric 
^ ly bdovanadoboric acid, X2-»olybdo t nng Sto va^boric 

iB-moivbdo-2-piiospboric acid, 9 moxyoao 
arsenic acid, IB-moiyoao t> r • 

^ *~ L8-tungsto-2-pbcsphoric acid, \£ 

phosphoric acid, 18 tung 5 * la-molybdo- 
titanomolybdic acid, 12-ceriOioolybdic acid, i y 
2-phospboric acid. e*c espies of the 
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heteropoly-acid include 12-molybdophosphoric acid, 18- 
molybdo-2-ptiosphoric acid. 9 -x<»lybdophosphoric acid, 
L2-tu»gstepHo S phoxic acid, ia-tungsto-2-phosphoric acid, 
H-Bolybdo-l-vanadophosphoria acid, W-molybdotungsto- 
phosphoric acid, 6 -i~lybdo-6-tungstophosphoric acid, 12 
fflolybdotangstovanadophosphoric acid, 12-tungstovonado- 
phosphoric acid, 12-aolybdosilicic acid, 12-tnngsto- 
ailicio acid, 12-molybdotnngstosilicic acid, 12-molybdo- 
tungstovanadosilicio acid, 12-tungstoboric acid, 12- 
molybdoboric acid, 12-molybdotungstoboric acxd, 12 
n»lybdovanadoboric acid, 12-n^lybdotungstovanadovorxo 
acid, 12-lmngstc*ermanic acid and 12-tuugstoarsenic acxd. 

■ The amount of the heteropoly-acid employed is 
not particularly limitative, but tne polymerization rate 
i3 lower, if the amount of tne heteropoly-acid in the 
reactor is too low. Therefore, it is desxrable to use 
^ SLlyst an amount of 0.05 to 20-timea, preferably 
0.3 to S-times, the amount of TOT employed. 

THF provided for polymerization should pre- 
ferably contain no impurity such as 

water content, it is important to control in- 
action system the molar ratio of water in the catalyst 
phase to the heteropoly-acid- 

The cyclic ethers copolymerisable with tetra- 
fcydrofuran are not particularly limitative, prodded 
JLt they are cyclic ethers capable of ^ 
polymerization, and may include, for ^^^^ 
^c£c ethers, 4— cyclic ethers, ^ , ^ 
sLh as tetrahydrofuran Natives, 
such as l,3-dio*olan, triosane, etc. Preferan cy 
J^L are 3-membered cyclic ethers of the formula, 
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wherein *t - « ~ ^iTl' 

i groups havxng 1 

represent hydrogen a^s balo - sU bs touted 

to 10 carbon atoms, halogen awuw# 

_ - -.to in carbon atoms or 

alkyl groups having 1 » 10 carac. 

phenyl groups; 
4-membered cyclic ethers of the formula: 

V 1 , 

wnerein Ri — Re » «^ch may be same or 

Resent hydrogen 1 

, u-iMren atoms or naio 

to 10 carbon atoms, halogen a n " 

S1 * s t±tuted alkyl g««P* having 1 to 10 c . 
atoms; and ' 
5-^embered oycli-e ethers of the formula; 



a; 



L*» — — • « « — » 

atoms, at least one of *i Ra ° e 



atom. 
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Examples of the substituents represented by 
Rj - R v , R« - RJ and - in the above formulae in- 
dude alkyl groups having 1 to 10 carbon atoms such, aa 
methyl, ethyl, propyl, butyl, pentyl, nonyl, etc.? 
halogen atoms such as chlorine/ bromine, iodine, etc.; 
halo-substituted alkyl groups having 1 to 10 carbon 
a toms such as chloromethyl, bromomethyl, iodomethyl, 
fluoromethyl. dichlorometbyl, 2-chloroethyl, 3-cbloro- 
propyl, 3,3,3-tribromopropyl, etc- Typical examples of 
the compounds represented by the above formulae may 
include ethylene oxide j propylene' oxide, 1,2-butylene 
oxide, isobutylene oxide, trimethyleneethylene oxide, 
tetramethyleneethylene oxide, styrene oxide, 1,1-diphenyl- 
ethylene oxide, epifluorohydrin, epichlorohydrin, 
epibromohydrin, epiiodohydrin , l,l,l-trifluoro-2- 
propylene oxide, 1, i,i-trifluoro-2-methyl-2-propylene 
oxide ,1,1. l-tnchlorc-2-mathYl-3-bromo-2-propylene 
oxide, l,l f i-tribromo-2-butyleneoxide, 1,1,1-txif luoro- 
2-butyl«neoxide, l,l,l-trichloro-2-butylena oxide, 
oxetane, 3-methyloxetane,' 3,3-dimethyloxetane, 3,3- 
aiethyloxetane, 3, 3-bis t chloromethyl) oxetane, 3,3-bis 
(bromomethyl) oxetane, 3,3-bis (iodomethyl) oxetane, 3.3- 
bis (fluoromethyl) oxetane, 2-methyltetrahydrofuran , 3- 
methyltetrahydrofuran, 2-methyl-3-chloromethyltatra- 
bydrofuran, 3-ethyltetrahydrofuran, 3-isopropyltetra- 
hydrofuran, 2-isobutyltetrahydrofuran , 7-oxabicyclo(2,2, 
1) heptane, etc. The content of the copolymer! zed 
cyclic ether in a copolymer may be within the range of 
from 0-S to 99. S % by weight,' but when obtaining a co- 
polymerised polyetherglycol containing oxytetramethylene 
groups as a main component .which is effective as the 
soft segment in a polyurethane elastomer such as spandex, 
rhe amount of the cyclic ether copolymerizable with THP 
may be generally not more than 100 parts by weight, pre- 
ferably not more than SO parts by weight based on 100 
parts by>weight o£ THP. 
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Also, in the synthesizing reaction of PTMQ, 
part of the starting THF may be replaced with an 
of » - «- starting material, 
synthesizing reaction of a ^^^J^^L 
alvJZ an oligomer of P*MG or an oligomer of the poly 
e 2"gycol to L synthesized may also he added as a part 
of ^starting material to out the *eactxon. The 

oligomer according to the present invention is no^ P«* 
Snarly l^tatively -fined, provided^- 
molecular weight lower than the ^f^^./J*^ 
Mor. specifically, it is preferred to use 
having a number-average molecular weight within 

^ 100 to 800, when synthesizing a polymer wltb * 
I^L-average molecular weight of 1000 ox more and an 
ali gomer with a numher-a verag^ macular 
to 2000 when synthesizing a polymer with 

molecular weight of 3000 or more. Also , » °^ 1Xattoa 
sLarated by fractional extraction or vacuum dastillat 

bv weight into the starting monomer. 

120 C, tne Y reactivity is very low 

pera-fcure lower than -10 u ' TOt3 
without practical value. 

The time required for the reaction is generally 
0.S » » hours, although it may vary depend^ upon the 
caLyst an^unt and the reaction temperature. 

Since the reaction can be carried out while 
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stirring TEF or a mixture of THF with other cyclic ethers 
copolymer! zable therewith together with a heteropaly- 
acid, no solvent is particularly required* 

The reaction may be carried out in any system 
^eneially employed such as tank type or tower type vessel. 
It is also feasible by either batch or continuous system. 

After the reaction/ according to phase separa- 
tio^o^^e^jnethodsr the lower layer of the catalyst 
phase is separated from the upper layer , and unreacted 
monomer is separated from the upper layer consisting 
primarily of the polymerization product and its monomer , 
preferably by distillation. The crude PTMG or PTMS type 
polyetherglycol may be subjected to the known method such 
as washing with water far removal of the catalyst 
entrained in a trace amount to afford a purified polymer. 

The present invention is further described by 
referring to the following Examples. 
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Example 1 

Into a 300 ml vessel equipped with a stirrer > 
and a reflu* condenser, 200 g of THF with a water eon- 
tent of 300 ppm was charged and 100 g of phosphotungstic 
acid (H 3 FW l2 O 40 -nH 2 O) which had been controlled to a .. 
certain number of coordinated water molecules by heating 
in an electric furnace at a temperature of 150 to 200 'C 
for 0 S to 2 hours was added thereto. After stirring ■ 
was continued for 4 hours by setting the temperature a.t ■ 
60 «C, the reaction mixture was left to stand at room-, 
temperature and the lower layer of the catalyst phase was 
removed by separation. Ohreacted THF was removed by- - 
distillation from the npper layer to obtain a transparent 
and viscous polymer- As a result of is-spectrum measure- 
ment, the polymer was determined to be a PTMG having both 
terminal ends o£ OH groups. The polymerization results, 
axe listed in Table 1. The number- average molecular . • 
weight and the . poly-dispersed degree (weight-average 
nolecular weight/number-average molecular weight) wexe 
determined by employing Gel Permeation Cbromattgraphy • 
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Example j, 

into a 300 ml vessel equipped with a stirrer 
icn „ tuf witb. a water 
and a reflu* condenser, 150 & beteropoly - 

content of 100 ppm was charged and 150 g or 
acid which had been controlled to a certaxn nnmber^ of 
^dinated water molecules by heating in an ^ctrxo 
T!Lce at a temperature o£ 150 to 200 -C for 0.5 to 2 

Lr^aLr^to. — - Tt^r^e 

for 2 hours by wL left 

as indicated in Table 2, tne react. 

as xncu. arat .,_ B and the lower layer of tne 

to stand at room temperature ano t:» m^cted THF 

catalyst phase was removed by separation. ^ e * c ™ 
7TJm » distillation from the upper layer to 
Both terminal ends of OH groups were 
TTlrr l^-spectrum and the number-average *olec«lar 
determined by IR-spectmm an determined by 
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Example 3 

Into a 300 ml vessel equipped with a stirrer 

MLer 200 a of THE" with a water content 
-d a reflu* condense* , 20p g 12- 

tli »gsto S1 licic acid whi of 250 « c for 3 

^ ^"alTthereto (ST-oUr ratio of water e*ist- 
b our S was added ^ hffiteropo i y -acid corre- 

^ ^ HteTs^ing was continued at 50 -C 

spends to 5.8) . Afte, st g prQCedure a9 described 
£o£ 4 .ours acc 0 ^n, to 

in Example lr a E™^ - B % 

weight of 1100 was obtained at a y.eld of 8 

equipped with a stirrer wate r molecules 

of TBF with • w»ter , i!!at ion ta»k »a« •« * 

l^ea by. .tiirmg. ""^^^^ uati r af 0-« wt. 

^ en «c aii4 THF contain^ w ^ 
temperature of 60 C ^ polymerizat ±on 

% was fed at a ea between the tank and the 

" "^tlon £rr^«- upper layer separated 
phase separation tank z, ^ upper 

withdrawn resulting to 

^' *" !S!r conLnuou. running for 260 hours, 
provide *TMG. After continuou Oscular weight 

2.0 Kg of a PTMG with a number-average mol 
o£ 17S0 was obtained, 

». 3.0 time. °* tha phcaphottmg. 
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■ - lowering in activity of the 
^ continuous running, no lowering 

u M rrod in the least- 
catalyst was observed in 

Trample 5 

Tnto B 300 ml vessel equipped with a stirrer 

into a 30» and. each of the 

— a reflu* in Table 3 war. 

^ eth-s *» * nr^spnotungstic acid with a 
charged. Then, 100^ g of P 4 ^ .tfjOl 

coo^i-tea water ^ ^^d for 4 hours 

was added- After the reaction reacti on mixture 

was left to stand atroo^ P^ ^ ^ 
into two phases.^ *• & and vis- 

«s — ved, ^ heated in Table 3- The 

^ ^^^TJT^ l* be a polyetherglycol con- 
. polymer obtained was E ^ ^ p0 lyoxy- 

"^ irre I^ber-av^rage molecular weight was 
jneasurements. The rea ults were also 

determined by GEC measurement. 
shown in Table 3. 



Table 3 



Copolymerized cyclic J^^rized 
ether cyclic ether 

[31 



Propylene oxide 
Oxetane 

3 , 3-Dimethyloxetaae 

Ethylene oxide 
3-Methyltetrahydrofuran 



8.0 
5.4 
4.5 
8.0 
5-0 



Polymer 
yield 

_ (q) 


Uumber- 
average 
molecular 

weight 


53 


1600 


45 


1800 


48 


1300 


65 


1500 


40 


1550 
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Example 6_ 

X*to a vessel equipped with a stirrer and * 

, nAn THP with water content of 30 
reflux condenser, 200 g of THP wi nl3inber _ aver&g e 

~a 1-7 a of a PTMG oligomer having a nw« 
ppm and 12 g of a pth* j ed< to, 100 g of a 

molecular weight of 250^ were =h * Qlled . to a 

pfcosphotungstic acid ^ o£ 3 (H3 P Wl2 O 40 ^ 2 0) 

coordination water molecules numo stir ring 

The temperature was set at 60 c ana 
padded. « h -!" P ^e reaction mixture was left 

W as continued for 8 hours of tn^ 

to stand at room temperature and the low ^ 

catalyst Phase was removed hy -^^^Provide S8 

removed from the upper layer, resulting to P 
Hf a — 1* * number-average molecular weight .of 

1630. 

rev-ample 7 

into a vessel equipped with a stirrer and a 
reflu* condenser. 200 g of THE with a water content of 
,7 Z* 8 g of propylene oxide were charged. "Then, 
30 ppm and 8 g qf ?™*J nujnber -aver a ge molecular 

4 <j of a PTMG oligomer with a numo<^ 

Light of.2S0 or a copoly-rized . polyethergycol •£ «r 
and propylene oxide (propylene oxide content. 15 wt 1 

5 SSL - thereafter 100 . -^J^J^ 
which had been controlled to a coordinated wat 

cXes nu^er of 4 (^^O^O, was added Jhe r 

action was continued for 4 hours at a tempera 

fi0 -C and then the reaction mixture was left to stan 

: rT^pera^e to be separated «^ - 
reacted monomer was removed from ^Z JZt^^ 

yield as shown in Table 4. 
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■ Number- aver 1 a<?e 

Oligomer added Polymer yield g^_ 1nr weiqht _ 

~ 57 g ^ 1500 

59 g 1580 
THF-propylene oxxae " " 

copolymerisad 

polyetEerglyool 

re-yanr ple 8 

««l ecmipped with a stirrer and a 
"'^ ^r^TlOO g of TBF and 100 g of 
rrf l« oonden»* toMttoB TO „el « cooled 

teen oon«oll«l » added onder stir^ng. 

S^ing «. ooodoo^ « 0 ^ ra , ctlo „ . to 

4M °"- l!!Tne separated i«o *» po-es. »*« 
— T^o^oSd 6-^^ 55 « 

of poljpner was ODra ™ fovmS «, be » polyatter- 

"* ZZZ TTl oTa^io^e eopo ly - 
glycol containing 85 «. 

merited therein. 
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CLAIMS 

„ 15 mol of water per mol of *» 
present io the catalyst, pttasa. 

A ptocM , iccoroin, to Clei- 1, — ~»» ** ^ 

2 ratio OI w :r to « »*— 1 ° the . 

catalyst phase is 1 to 8. 

prising «-it*-^- gr onps ~nt^^ ^ 
of tetrahydrofuran by , hich com- 

other ethers -^r»*^ oatalyst *nd permitting 

pri8 es using a hstexopoly^acid - ^ J^^a to 
0 i to IS mol of water per mol of the nete p» * 
b e present in the catalyst phase- 

to claim 3, wherein the molar 
a A process according .to CLa*j» r 

Utio of .«« to the eeteropol*-.** present » tK. 
catalyst phase is 1 to 8. 

t _ claim 1, wherein the poly- 
merization is earned out va« 

starting monomer tetranyux 
system. 

> ,rocess aceoro^ - O^^*^ 
pol^eriaatioo 1. cerriee out ad*£ »^ 

L ,oi r «« n=jr i » . - j^ cUo ith . r 

sieri-tation system. 
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a . _ _ MV 0 f Claims 1 W «/ 

— * - T^T^* ^U— « *■ — ^ 

filtration* an* cataJ " y 

in the polarization raac^on- 

to claim 3, Claim 4 or 

tetrahyoxofurau is a 
formulas 



- „ r which may be same or different, 
wherem Hi - wlxLcn * having 1 to 

rep*™* parogen atoms, ^ sabstifcirted 

alfcyl groups Having 1 
the formula 



Li 



„ . , « which may be same or different, 

^ reift ^IvoroU atom,, iyl 1 ~ 

« LLgen atoms or halo- substituted 
10 carbon ^ ' ^ \ 10 carbon atom,. 
aUcyl groups having 1 to *« 

Claim 6, wherein tHe eye**- 
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■tetrahy^ro fur an 
formulas 



is a 5-,nembered etfcer represented the 



R» 

Rs p 




_ 4 p - Ra « vhich may be same or different, 
wherein Rx - Re , *nxcn y havill g L to 

xo carbon atoms, ^ * atQmS , at least 

alkvl groups having 1 *o j-v w.^ 

« rf V - «.- «— «* h * tos * n ato,a - 

- . „ a.-, claim 5 or Claim S f 

rr»r^"-« •« -* — ^ 1000 " 

"synthesized- 

ft process according to Claim 5 or Claim 6, 

synthesize - 

A process according to any of Claims 1 to « , 
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to the center atom is 2-5 to 12. 

15 - , selected *— the group consist^ of 

tataropolT-add Ls ^^ phosp horic acd, 

^^aophoapwrlc add, ^^^^ acid , 18- 

tuIig sto-2-phosphoric add, 11 ^ybdo-fi- 

tu^gstophosphoric add, 12 M ,.2-molybdosilicic 
acid, 

add, 12-tungstosllicxc acid, 12 12 _ tmgst oboric 

acid, ^-^^'"^r^atoboric acid, 
acid , 12—lybdo*orlc acxd, L2 2 ^^ 3tovanado voric 

l^^^^^^^Sf^toarBenlc add. 
acid, L2-tnngstogen»aio.c acid axm. ^ 

v ial co.den.atlo. coordinate .torn. 

j. accords data 16. «*» 

atom to the center atom is 2.S to 12- 

A process according to Claim 17, wherein the 
, selected from the group consisting 

heteropoly-acid is •*£ C ~ 18-molybdo^-phosphoric 
of 12-molybdophosphorxc acxd ^ 18 ^ phorio 
aC id, 9 -molybdophosphorxc acxd, " ^ 

, . , o-tmictato-2-phosphonc acid, 11 moi.yDao 
acid. 18 l2 _ molyfado tungstopho S phorxc acid, 

vaaadopbcsphorxc ac*d, 12 * ^-^lybcotungsto- 

vanadopnosphorxc acxd, 12 ^ liclo acid , 12 - 
^lybdosilicic ,acxd ^2 ^ ^^^licio 
. molybdotTiagstosxlicxc and, J-i ™-> * 
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^lybdotungstobor^c acid, " J^^^^c 
12 -molybdotung S tovanadovo=ic ac«l, 12 tu g 

acid and 12-tungstoarseaie add. 

j ■ 4— n claim IS, wherein the 

. . -ion «r_ 



from -10 ° c « 120 



20, 

polymerization 
from 30 °C to 80 °C 



. . „ claim 15, wherein the 
a nrocess according to Claim r 

Ion Ts carrie* out in the *— « *ange of 



21 . A. process accordine to ?^ 1 

herein the catalyst in an amount of 0.03 
the amount of tetrahydrofnran is used. 
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